management alone. One of the larger retrospective series in 2011 by Benglis et al. reviewed outcomes in a 124 (43 asymptomatic and 81 symptomatic at presentation) conservatively managed pediatric CM-I patients who were followed radiologically. The authors found that the majority of patients did not progress clinically or radiologically, and no new neurological deficits were observed during a mean follow-up period of 2.83 years. 6 Another analysis by Strahle et al. in 2011 found that the majority of 147 pediatric patients with CM-I, who were also managed conservatively, tended to have a benign natural history over the course of clinical and MRI follow-up, with a mean duration of 4.6 and 3.8 years, respectively.
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According to recent literature, surgery is typically offered to asymptomatic patients only with a high degree of herniation and/or a large syrinx. Without a widely recognized, definitive correlation between magnitude of tonsillar herniation and clinical manifestations of cervicomedullary junction compression, debate lingers over the indications for operative versus nonoperative management of CM-I. 1, 2, 5, 6, 25, 39 This is especially true for those patients with mild or no symptoms. 1, 2, 5, 25 As such, there are no generally accepted criteria for selecting patients with CM-I for surgical treatment, and the decision for suboccipital decompression for symptomatic relief can be subjective.
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In this study, we analyzed a cohort of patients with CM-I who have been managed at the University of Virginia over the last 10 years. These patients were either treated with surgery or managed conservatively. All were followed clinically and with serial MRI. Subtle differences in surgical technique may have affected outcome within the surgically treated cohort.
To our knowledge, there are no prior studies comparing relatively large surgical and nonsurgical cohorts with longterm clinical and radiological follow-up. Thus, the indications for surgical management of CM-I remain undefined. Furthermore, there is a dearth of literature describing and comparing the nuances of posterior fossa decompression (PFD). In the present study, we compare surgical and conservative management of CM-I and define strict criteria for surgical decompression. This study will serve to further understanding of the natural history of CM-I as well as to help identify the appropriate surgical candidate based on clinical symptoms and radiological findings.
methods

Patient Population
After obtaining institutional review board approval, the authors retrospectively reviewed 116 consecutive cases involving pediatric patients between the ages of 9 months and 18 years (mean 8 years) who were diagnosed with CM-I (defined as involving herniation of the cerebellar tonsils at least 5 mm below the foramen magnum) between 2004 and 2013 at the University of Virginia. Twenty-one patients were excluded from analysis due to lack of followup from initial evaluation or operation by a different primary neurosurgeon. One of the patients excluded from the study presented with tonsillar herniation of 4.3 mm and worsening symptoms with an abnormal cine MRI study. Ninety-five patients were included in the final analysis.
All patients included in this study were evaluated and followed by a single pediatric neurosurgeon who was also the primary surgeon for all patients who underwent surgical decompression. Seventy patients were treated conservatively and followed in the outpatient setting. Twentyfive patients (26.3% of the total study group) underwent primary surgical decompression for symptomatic CM-I. Surgical patients were subdivided into 2 groups: patients who underwent PFD with dural splitting (n = 14) and a second group who underwent duraplasty (n = 11). Imaging findings, symptoms, and findings on neurological examinations were noted at presentation and for the duration of follow-up, and these findings were analyzed.
clinical evaluation
Patients underwent comprehensive multidisciplinary evaluation including child neurology, sleep specialist, and otolaryngology consultations, with information made available regarding history, neurological examinations, polysomnography data, vocal cord mobility, upper airway motor dysfunction, and swallowing difficulty. All patients were evaluated by the same pediatric neurosurgeon (J.A.J.), who was also the primary operating surgeon in all cases. Preoperative and postoperative neurological examinations were performed during inpatient hospitalizations and outpatient clinical visits.
imaging
Patients underwent high-resolution MRI using standard T1-and T2-weighted spin-echo sequences. Imaging studies were independently reviewed at diagnosis by a neuroradiologist and the neurosurgeon evaluating the patient. We recorded imaging characteristics consistent with CM-I, including amount of cerebellar tonsillar ectopia, CSF flow dynamics at the foramen magnum, as well as the presence of spinal cord syringomyelia. We defined a syrinx as a contiguous fluid collection (hypointense on T1-weighted images with corresponding T2 hyperintensity) of at least 2 mm in maximum anteroposterior diameter on sagittal or axial imaging, suggesting fluid within the spinal cord. If a syrinx was present, we noted its widest diameter in millimeters as viewed on sagittal imaging and its length according to number of spanning vertebral levels ( Fig. 1) . Presyrinx states (T2 hyperintensity with indistinct T1 prolongation and without cavitation) were separately classified. We compared baseline imaging parameters to findings on postoperative imaging. If a patient had multiple MRI studies, we considered only those studies performed at the time of CM-I diagnosis. We considered the most recent imaging in nonsurgical patients or the MRI studies performed immediately preceding surgery in surgical patients.
evaluation of csF Flow
CSF flow at the foramen magnum was evaluated by cine MRI obtained in 74 patients at the time of CM-I diagnosis (51 patients in the nonsurgical group, 23 patients in the surgical group). Sagittal CSF flow studies at the craniocervical junction evaluated for CSF pulsations across the anterior and posterior midline foramen magnum as well as for any abnormally exaggerated cranial or caudal pulsations of the lower brainstem, upper cervical cord, or cerebellar tonsils.
sleep evaluation
Patients with suspected sleep-related breathing disorders were evaluated in the University of Virginia Sleep Disorders Laboratory. Standard testing consisted of electroencephalography derivations C3/A2, C2/A1, O1/ A2, O2/A1, electromyography (chin), electrooculography (right/left), electrocardiography, and oxygen saturation by digital pulse oximetry, nasal/oral airflow by thermistor or nasal pressure cannula, end-tidal CO 2 by nasal cannula, and qualitative thoracic/abdominal movement by respiratory inductive plethysmography. Natural sleep was observed overnight. No sedation was administered. Central apneas, obstructive apneas, hypopneas, periodic breathing, the adequacy of gas exchange, and heart rate were recorded during sleep.
operative Procedure
Twenty-five patients underwent PFD procedures. Foramen magnum decompression was performed, measuring a minimum of 2 cm wide and 2 cm above the foramen. C-I laminectomy was performed in most patients, and a C-2 laminectomy was performed in those patients whose tonsils extended to that level. For those patients who underwent duraplasty, the dura was opened in a full-thickness fashion, with an initial attempt to maintain an intact arachnoid layer. Some patients underwent partial tonsillar resection, some had their cerebellar tonsils cauterized, and in some patients, the cerebellar tonsils remained untouched. For tonsillectomy, dissection was taken circumferentially around the tonsils, which were subsequently elevated with careful dissection. The inferior portions of the tonsils were cauterized, incised, and internally debulked. For tonsillopexy, tonsils were mobilized from below the level of the dural opening and subsequently cauterized superiorly with bipolar electrocautery. For duraplasty with tonsils untouched, the tonsils themselves were not scarred down and careful dissection was taken between and beneath the tonsils. A fashioned piece of artificial dura (DuraGen or Durepair) was used for the duraplasty and tacked into place. A central tacking suture was placed in the dural graft through the fascia or muscle to avoid adherence of the dural graft to underlying arachnoid. The dural graft was covered with DuraSeal or Gelfoam, and the closure was performed in standard layered fashion. For those who underwent dural splitting, the superficial layer of the dura was split and opened without completely cutting through the inferior layer until the dura was translucent (Fig. 2) . The dural band at the foramen magnum was released. Intraoperative ultrasound was performed before and after duraplasty and/or dural splitting, but in no case was a planned dura-splitting technique converted to a duraplasty on the basis of ultrasound.
statistical analysis
Statistical significance calculations were obtained using ANOVA and the chi-square test. Categorical variables were compared using Fisher's exact test. Specific statistical analyses as defined in the text were performed using Microsoft Excel (Microsoft Corp.) and GraphPad Prism software (GraphPad Software). For all statistical tests, a p value < 0.05 was considered significant.
results
Patient characteristics
Seventy patients were treated conservatively and 25 patients received PFD. Mean age at presentation was 8.3 ± 5.3 years. The cohort had a roughly even number of males (n = 47) and females (n = 48), with 14 males and 11 females treated surgically. The mean duration of MRI follow-up was 44.8 months (range 1.2-196.6 months) and clinical follow-up was 66.3 months (range 1.2-106.5 months) (Table 1). Mean tonsillar herniation below the foramen magnum at presentation was 12.6 mm (range 4.3-37.0 mm). On average, the nonsurgical group exhibited less tonsillar herniation (mean 10.4 mm) than the surgical group (mean 18.8 mm) at presentation ( Table 2) . Across all surgical patients, preoperative tonsillar descent ranged from 8.0 to 37.0 mm. 
Presenting symptoms
Of 95 total patients, 70 patients presented with Chiarirelated symptoms. Forty-eight patients (69%) in the nonsurgical group and 22 patients (88%) in the surgical group presented with symptoms including visual disturbance, suboccipital headaches, headaches worsened with Valsalva maneuver, sensorimotor deficits, and nausea/vomiting. Fifty-nine patients experienced headache, including 40 in the nonsurgical group and 19 in the surgical group. Some patients had more than 1 presenting symptom, and the most common combinations of symptoms included headache (headache + visual disturbance in 6 patients, headache + sensorimotor symptoms in 5 patients, headache + swallowing difficulties in 4 patients, and headache + nausea/vomiting in 4 patients) ( Table 3) .
Twenty-five patients were either asymptomatic or found to have CM-I as an incidental finding during workup for an unrelated diagnosis. In the surgical group, 3 patients presented incidentally (1 during workup for short stature, another during evaluation for seizures and developmental delay, and 1 on evaluation for congenital obstructive hydrocephalus). All of these patients were followed and subsequently found to have expansile syrinx on radiological imaging. In the nonsurgical group, 22 patients presented without symptoms related to Chiari but were found to have Chiari malformation on radiological imaging. The most common reasons for neurosurgical workup of these patients included seizures (n = 7) and developmental delay (n = 6). Other reasons for workup included evaluation for scoliosis and hyperreflexia, surveillance imaging for neurofibromatosis Type 1, and pituitary insufficiency.
In the surgical group, 16 patients (64%) presented with a syrinx and 21 patients (84%) presented with either a syrinx or central sleep apnea. Four patients did not present with either syrinx or sleep apnea. Three of these patients experienced dysphagia. Two patients experienced headache and dysphagia, 1 of whom exhibited tonsillar herniation of 10.4 mm and the other exhibited 30.3 mm herniation on imaging. Another patient experienced dysphagia and exhibited tonsillar herniation of 27.1 mm on imaging. The fourth patient experienced headache and sensorimotor disturbance and exhibited tonsillar herniation of 13.6 mm on imaging. In total, 6 patients were discovered to have abnormal findings on neurological examination.
surgical outcomes
Surgical intervention was associated with better resolution of symptoms. Twenty (42%) of 48 nonsurgical patients who were symptomatic at presentation experienced improvement in symptoms versus 18 (75%) of 24 surgical patients (p = 0.0117). There was no significant difference of symptom outcomes between duraplasty and dura-splitting techniques (p = 0.3572) or between tonsillectomy and tonsillopexy (p = 0.1667) ( Table 4 ).
All patients treated with duraplasty-tonsillectomy showed symptomatic improvement. Of 5 patients treated with duraplasty-tonsillopexy, only 2 showed symptomatic improvement. For the 2 patients with tonsils untouched, 1 showed symptomatic improvement while the other did not (Table 5 ).
In the surgical group, 7 patients presented with central sleep apnea. Overall, 5 (71.4%) of 7 patients experienced resolution of sleep apnea. All 3 of the patients who underwent duraplasty experienced resolution of sleep apnea, whereas 2 (50%) of 4 patients who underwent dural splitting experienced resolution (p = 0.4286). This difference did not reach significance, likely due to the relatively low number of patients. Two patients in the dura-splitting group experienced minimal improvement postoperatively and required positive airway pressure as of their most recent follow-up.
radiological outcomes
Tonsillar Herniation
There was a significant difference of reduction in tonsillar herniation between nonsurgical (1.1 mm) and surgical (10.3 mm) patients (p < 0.0001), which was further elucidated when excluding patients who underwent tonsillectomy (mean reduction of 8.3 mm, p < 0.0001) ( Table 2 ).
Syrinx
Eighteen patients had a syrinx at presentation. Sixteen of these patients were treated with surgery (7 duraplasty, 9 dural splitting) and 2 patients were managed conservatively (1 patient had a stable syrinx without associated symptoms, and 1 patient opted for conservative management due to abnormal skull base development). All patients with a syrinx underwent at least 1 repeat MRI study of the spine (Fig. 1) .
Radiological improvement or resolution was observed in zero (0%) of 2 nonsurgical patients versus 14 (87.5%) of 16 surgical patients (p = 0.0392) ( Table 6 ). There was no difference in syrinx resolution between duraplasty (71.4%) and dural splitting (100%) (p = 0.1750). Of note, 2 patients who received tonsillopexy experienced expansile syrinx after surgery and underwent repeat surgery (1 of these patients also experienced persistent headaches). One of these patients experienced improvement in syrinx after repeat tonsillopexy while the other remained unchanged.
New or increased syrinx was observed in 3 patients in the nonsurgical group and 4 patients in the surgical group. Of the 4 patients in the surgical group, 2 patients exhibited increased syrinx, 1 patient exhibited increased syrinx that eventually stabilized after redo decompression, and 1 patient exhibited a new syrinx of the cervical cord after resolution of a thoracic syrinx. Presyrinx was observed in zero nonsurgical patients and 3 surgical patients (1 case of which resolved).
Combining syrinx at presentation with new or increased syrinx developed over follow-up, there were in total 5 nonsurgical and 20 surgical patients with a syrinx. Resolution was observed in 0 (0%) of 5 nonsurgical patients versus well over half of surgical patients (65%) (p = 0.0149).
Of 16 surgical patients with symptomatic syrinx at presentation, 11 patients (68.8%) showed improvement in symptoms and 5 patients (31.2%) showed worsening symptoms. All 11 patients (100%) with improved symptoms also exhibited decreased syrinx size. Of the 5 patients who did not show symptomatic improvement, 3 patients (60%) exhibited improved syrinx and 2 exhibited worsened syrinx (p = 0.0833). Of the 2 nonsurgical patients with a syrinx at presentation, 1 patient experienced no change in symptoms (motor) while the other patient improved (headache only).
CSF Flow
Of patients who underwent cine MRI studies, 33 (64.7%) of 51 patients in the nonsurgical group exhibited abnormal CSF flow versus 21 (91.3%) of 23 in the surgical group (p = 0.0227). Surgery improved CSF flow in 60% of patients (p = 0.05). Of note, no patients in the surgical cohort exhibited worsened CSF flow dynamics following decompression (Table 7) . A change in CSF flow analysis was not used as a surgical indication in this series of patients.
Postoperative Complications
Postoperative complications were noted during the immediate postoperative period during hospitalization and included poor feeding, neck spasms, neck pain, and residual sleep apnea, but none of these were found to be associated with a particular surgical technique. One patient who had a history of sleep apnea underwent PFD with duraplasty (PFDD) and tonsillectomy and had initially recovered well, with an unremarkable postoperative CT scan on the 1st postoperative day. However, 1 day later the patient experienced severe posterior fossa swelling and sleep apnea requiring intubation, tracheostomy, and a prolonged intensive care unit and hospital course (71 days including outpatient rehabilitation). MRI revealed acute ischemia/infarction of the residual right cerebellar tonsil as well as edematous changes of the dorsolateral aspect of the caudal medulla. Excluding this patient, the mean length of hospital stay was 3.4 days across all surgical patients (range 2-5 days), which differed significantly between duraplasty (mean 3.8 days) and dural splitting (mean 3.1 days, p = 0.0291). Postoperative nausea and/or vomiting was more common in duraplasty (5 of 11) than in dural splitting (2 of 14), but this difference was not significant (p = 0.1775).
Repeat Surgery
In total, 6 patients exhibited either unchanged or worsening symptoms or radiological progression following PFD. Of these patients, 5 underwent repeat operations.
Of 4 patients who initially underwent tonsillectomy, zero (0%) exhibited worsening symptoms or radiological progression and zero (0%) underwent repeat operations. Of 5 patients who initially underwent tonsillopexy, 2 (40%) underwent repeat operations (both tonsillopexy)-1 for persistent headache and unchanged imaging and 1 for an expansile syrinx. One patient refused additional surgery for persistent dysphagia and headaches (but no syrinx). Of 2 patients who initially underwent duraplasty with tonsils untouched, 1 (50%) underwent a repeat operation (tonsillopexy) for residual sleep apnea. Finally, of 14 patients who initially underwent dural splitting, 2 (14%) underwent repeat procedures. One patient underwent tonsillopexy for persistent syrinx, and 1 patient underwent duraplasty for persistent headaches and tonsillar herniation. 
discussion
In this study of a cohort of 116 pediatric patients diagnosed with CM-I over a 10-year period, 95 patients were included in a final analysis: 70 patients were treated conservatively and followed with serial outpatient neurological and radiological examinations, whereas 25 patients were treated with PFD. Of these 25 surgical patients, 11 were treated with duraplasty (complete dural opening) and 14 were treated with a dura-splitting technique. Surgical intervention was associated with better clinical resolution of symptoms and radiological resolution of tonsillar ectopia and syringomyelia. Over the course of follow-up, Total  74  20  54  49  18  25  11  4  11  48  Nonsurgical  51  18  33  30  7  12  2  4  5  40  Surgical  23  2  21  19  11  13  9  0  6  8  Duraplasty  10  1  9  7  3  8  3  0  4  3  Tonsillectomy  4  0  4  2  3  4  2  0  0  2  Tonsillopexy  5  1  4  4  0  3  1  0  4  0  Tonsils untouched  1  0  1  1  0  1  0  0  0  1  Dural splitting  13  1  12  12  8  5  6  0  2  5 20 of 48 nonsurgical patients who were symptomatic at presentation experienced improvement in symptoms, and 18 of 24 surgical patients showed clinical improvement (p = 0.0117). One patient who underwent dural splitting was asymptomatic at presentation. In reference to surgical technique, there was no statistically significant difference in resolution of symptoms between duraplasty and durasplitting techniques (p = 0.3572) or between patients who underwent tonsillectomy and tonsillopexy (p = 0.1667), though this was likely secondary to the low study power of 7 surgical patients (Table 4) . However, patients who underwent dural splitting had a shorter hospitalization and had fewer episodes of postoperative nausea. These finding are consistent with the prevailing literature comparing more versus less invasive modes of Chiari decompression. In recent years, several neurosurgical series have compared extradural PFD to duraplasty with mixed evidence to suggest any significant difference in symptomatic outcome. 17, 19, 22, 23 To address study limitations of unbalanced demographics between treatment groups, presenting symptoms, and radiological findings, Lee and colleagues provided a balanced treatment comparison focusing on long-term clinical outcome and radiological syrinx improvement and proposed that extradural decompression for CM-I leads to comparable clinical and radiological improvement compared with traditional PFDD, but offers decreased postoperative morbidity. The authors recommended the more invasive PFDD as first-line treatment for more severe patients with rapidly progressive symptoms or severe neurological deficits. 16 Our data echoes these results in that even though there was no difference with overall clinical outcome between the 2 techniques, patient who underwent dural splitting had a quicker and easier recovery.
The present study also revealed statistically significant differences in radiological findings over the followup period, chief among them the syrinx course between conservative and operative management (Tables 6 and 7) . Eighteen patients had a syrinx at presentation. None of the nonsurgical patients showed syrinx improvement or resolution while well over half of surgical patients (65%) showed complete resolution (p = 0.0149). Coupled with a statistically significant difference in tonsillar herniation, surgery was associated with better radiological outcomes than conservative management. Moreover, CSF flow dynamics as measured by cine MRI suggested that decompression significantly improved CSF flow over time when compared with conservative management (p = 0.05). These outcomes are believed to have resulted primarily from stringent qualifications for surgical candidates. As discussed above, all surgical patients were symptomatic, with either dysphagia or sleep apnea, had a syrinx, or had other neurological manifestations on examination. The conservative cohort had mostly nonspecific findings, such as non-Valsalvarelated frontal or temporal headaches, and had no definitive neurological signs. In addition, the nonsurgical cohort exhibited less tonsillar herniation (mean 10.4 mm) than the surgical group (mean 18.8 mm) at presentation. Therefore, the data from this study suggests the clinical value of a very careful selection process in identifying appropriate surgical candidates for PFD in CM-I patients.
The pathophysiological underpinnings of syrinx formation in children with CM-I has been previously descr ibed, 3, 7, [9] [10] [11] 15, 18, 20, 21, 26, 38 and the presence of a syrinx is considered an indication for surgical intervention at many neurosurgical centers. [12] [13] [14] A recent meta review of 145 operative series of patients with CM-I (30% of series included patients ≤ 18 years of age) noted an incidence of syringomyelia of 65%, which improved or resolved in 78% of patients. Most series reported improved postoperative neurological outcomes (75%), whereas 17% showed no change and 9% experienced worsening. 4 Despite only a few reports of the natural history of syrinx in the setting of CM-I, 8, 24 Schijman and Steinbok found that 75% of surveyed neurosurgeons would perform a suboccipital decompression for an asymptomatic patient with CM-I and a syrinx at least 8 mm in maximum diameter (28% would intervene for a syrinx of 2 mm). 28 Strahle and colleagues followed 147 patients with MRI for 3.8 years and identified 13 patients known to have a spinal cord syrinx at the time of CM-I diagnosis, and whose syringes were managed without surgical intervention. The authors proposed that the presence of a syrinx was not always associated with symptomatic progression since only 6 of 20 patients with a syrinx had surgery during the follow-up interval, and 2 of these patients underwent surgery for reasons other than the syrinx. 31 Other investigators have added to the debate of surgery as necessary intervention in the setting of CM-I and syrinx. 8, 24 Nishizawa and colleagues found over a 10-year follow-up interval that only 1 of 9 adult patients with incidental CM-I and syrinx required decompression. They reported that 8 of 9 patients exhibited no significant change in the MRI characteristics. 24 Beyond mere stability of syringes over time, there have been cases of regression and complete resolution, [34] [35] [36] with the first spontaneous resolution of syrinx associated with CM-I reported by Sudo and colleagues in 1990 and 1994. 32, 33 Despite these studies, our data reveal that 69% of patients with a symptomatic syrinx who were treated with surgery showed clinical improvement. Of the patients who improved clinically, 100% had radiological syrinx improvement while only 60% of patients without symptomatic improvement had a smaller syrinx (p = 0.0833). Even though this data does not reach statistical significance, this difference does suggest a correlation between improvement in syrinx size and symptoms.
The more salient findings of the present study suggest significant improvement in clinical and radiological outcomes of patients who received surgical management compared with those who received conservative management alone. Over the course of a 44.8-month radiological follow-up period, surgical patients exhibited a mean reduction of 54.8% in tonsillar herniation compared with a 10.6% reduction in the conservative group (p < 0.0001) ( Table 2 ). Over the course of a 66.3-month clinical followup period, 75% of surgical patients experienced resolution or improvement in symptoms compared with only 41.7% of conservatively managed patients who were symptomatic at presentation (p = 0.0117) ( Table 4 ). These differences lend credence to the utility of operating on symptomatic patients with significant radiological findings: 48 (69%) of 70 nonsurgical patients were symptomatic at presentation, whereas 22 (88%) of 25 surgical patients exhibited symptoms consistent with CM-I (Table 3) . Of these surgical patients, 16 (64%) presented with syrinx and 21 (84%) presented with either syrinx or central sleep apnea. With regard to the clinical course of the 70 patients, the conservative group, 20 (28.6%) exhibited improvement in symptoms, 45 (64.3%) exhibited no change in symptoms, and 5 (7.1%) exhibited worsening of symptoms. These findings are consistent with recent literature suggesting that the majority of patients with CM-I managed conservatively do not progress clinically or radiologically, and that pediatric patients not clearly symptomatic and without syrinx do not need prophylactic decompression, as the development of new symptoms and neurological deficits is uncommon.
6
When compared with previous studies, the present study has several strengths, chief among them the number of patients and longitudinal nature of follow-up. Comprehensive neurological and radiological examinations were instrumental in confirming prospective diagnoses of CM-I and concurrent syringomyelia as well as identifying appropriate surgical candidates. However, this study is not without limitations. This is a single-center analysis and thereby reflects the treatment bias of our institution. Like earlier reports, the retrospective nature of this study, combined with a limited number of treating surgeons, may increase the potential for bias in data collection and decrease the generalizability of results. As a unique benefit, however, one senior surgeon performing all operations increases consistency in clinical and operative decision-making. To help control for a single neurosurgeon selection bias, our institution has a multidisciplinary pediatric group with recurring case conferences and film reviews.
Going forward, longitudinal follow-up studies with special emphasis on patients with either neurological deficits or severe symptoms, despite widespread acceptance of decompression in these patients, will help to further elucidate the natural history of CM-I and more appropriately gauge the risk-benefit tradeoff of a growing spectrum of surgical interventions. With further study over longer time horizons meant to capture all cases of clinical and/or radiological deterioration, we may further be able to refine diagnostic criteria, predict symptomatic progression, and, accordingly, match appropriate surgical and nonsurgical therapeutic modalities to patient functioning. conclusions CM-I patients managed conservatively do not show significant clinical or radiological progression. However, symptomatic patients (sleep apnea and dysphagia) presenting with tonsillar herniation and syrinx should be given serious consideration as surgical candidates for they can show significant clinical and radiological improvement after surgery.
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